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Profile w ing

» In 1945 the "Kumaomolete" Plant put out e gear-shaping machine for the semi-
L finighed catting of cylindrical gears with externai meshing snd spwr or Gblique

| . . teeth. It could algo be used for clutch teeth machined by the profile-shaping

: method. .

The tool consiuts of & @et of profils cutters, shaped like the recess of the
tooth, whioh machine each recess on the vheol. The outters are ingexrtsd in slots
in the dig enclosing cutter hesd. Ths wheel is cut by reciprocal motim of the
spindlo, to which the blank being machined 1a socurely fastensd,

! Bafore the beginning of each upvard wocking stroke of the blank, the outters
: are brought cloger tr the oonte by action of a conical errangement on the externa’
ring which corverges the testh in proportion to the fesd.

The cutter head can b used ouly for gears of & psrticular diamster and wunber
of teeth. Yhe firgt model of the mo-~bine made by the "Fmsomolets™ Plant can be
used for geers up to a diameter of 100 millimsters and module of 3.

I : Aococrding to pubiished datu, ¢ machins of this type asmwes an output of 60
we : blww-whm,andiaqumjmamparmtfutcrmnnewotm-m.

Y _ Bxperimentation with gesrs of module 2.5 o higher has shown that vhile prefile

: shaping scoures en increasod output, its precision lage considerably behind that
ochieved by the process of generating. The manufacturs snd prentsion grinding of the
tool aguemdly i¢ extremely complex add the life of the tool it short. The method of
m shaping should de fuxrther developsd, howsver, snd ite ase in rough operations
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Dua to ite great productive capacity, };obbing ie becoming cne of the mout oz-
‘tengively uped metnods, oven for aewifinished gear cutting. i

To msko the hobbing process more offective, more rigid machines. similax to
thoss for rough gear cutting, mist be employed, and supplemantary devices uesd for
inereasing their acouracy {ground trsnemipsion gearing, compenseting mechanisms
forr the play in the worm, eto.}. Operating conditions for a hobbing cutter: v
sguals 30 to 40 weters per minute, § equals 1.5 to 3 millimetera pex rsvolutic.

shed gesr hoddbing ie used in the ghortened [When teoth have boen cest
on the blank/ as well ag in the full process /vhen geer {s made emtirely Dy machin-

Under omditions of mass yrodwetion in the full process, particulerly for goars
vith oblique teeth, a device should be worked out guaranteeing the acourate align-
ment of the hodbding cutter with the thread Foe the uniform distridutlon of toleronce.
The 934 vachine of the "Komsamolets” Plant, equipped with euch a devioe, e
ehown {photogravh svailable in GIA ss Fhoto Acceesion Ko 3001).

The neceassry precision of the blanks undor shaving is essured by the preocision
of the hobbing machine, hobbing cutters, and the holdars for the dlenks. To in-
orsase thy 1ifs of the shaver, the shaving allovance at the tooth crost of goars
with 15 teoth ¢r more ghould be grafually reduced to zaro, whils some imderoutting
of the profile ~hould he dcoe at the root. Ths profile of hubblng cutters ghould
be triengnlar,

If these specifications were adhered to, the precicion of gears millsd on gear-
beubbing machines would be considsrably higher than that of gears with broached teeth
or those machinod by profile geer shaping.

Further incresss in tho productivity of semifiniched gear hobbing depends en
the smme improvements necoasery for rough hobbing., BHere it 1s necessery to over-
oome oome difficulties with respect to profile grinding of cutters. ecnipping with
haxd alloys, the selection of hard alloys, etc.

7

Semifinighod Gear Sheping

Semifinished shaping is leas prodvotiwe than other metlicds end is used canly
when the full machinirg process is Teing cerried out. )

This operation, .tke gear hobbing, requires propsr precisisn of rachines,
shapers, ad block suprorts. The ghapera should hrve special prafiles vhich
aspure their adility to work vwitiin the shaving and shearing ullowance of the tooth's
crown.

Shaving

Shaving, vhich accomplishes a significsnt savine of labek in the manufacture of
goars, has almost wniversally replaced goar shaping »ad gear hobbing in "inished
oparations in the antomodils industry. Highly productive and inexpsnsive, this opera-
tion secures high precision in the making of gosre. Ihe mothod permits medifioation
of e profile, compensation for distxrtion in hsat-treatnsnt, and preventicn of the
s0-called shredding (kromchatyy) camtaot botueen tho teeth (by means of ahearing
toeth at profils height, by use of barrel-chaped farme, stc.). This permits de-
creaming the allowenoce for subsequent lapping operations and at *he sawe time specds
up the output ent cuts down the cost of manufacture remarkadbly.
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tntil recently, shaving ! BENTMkeurﬂ of wodule 2 to h.5, with 4 diometer
of initia) periphery of 50 to 250 millimeters. During the wer, tho eheving of both
small module genrs (module 0.5. with diameters from 10 mil],imatma) and gears of module

i

50X1-HUM

‘3,5 to T with aiameteor Up to 50U mlllimsicrs voe pdoged. i speeially desfgnel wnchivo v

uas usad;

Figure 11 (Photo Accension Fo 5002) shovs a mackine for ehaving gears of saall
moduls while Figure 12 (Fhoto Accession No 3003) shows s machine for shuving gears up
to module 6 and initlal poriphery dimester up to h50 nillimeters. The article is
plaged in & high-sreod olamping device on ths rotating tadle having beavy-duty drive.
%45 machine is equipped for machining heavy dlanks and has a spocial loading cramo
for this parpose .

Profile shavers, as a rule, 4o oot do ovolute shapea cleenly. They mre ndjustod
for cmpmsstion of the stadle deformaticns recalved in heat treatment end the deforma-
ticonimperted In the (having procese.

The precision of ‘heving dapends almost entirely ai the precislon of the dlank.
When shaving, cnly v~ ificatich of the geer's profile, not cutting of ncw surface,
takes place. The possibilities of rectifying the various elemante of the meshing
vary. Yo yectify flaws of epecing, or digpersion of dsclination, is more difffcult
then to eliminate beats end loscal flaws in profile.

The allowance foc shaving ie set st 2 minimm becsuse ropeated passue of the
blonk wder the chaver leads to cold-hardening of the machined swrface, lowered
poraibility of rectification, daformation in aubeoquent heat troatment, and damage
to thw sbever. The allowance uwnder shaving oo two sides of a tooth should be equal
to sdout 0.8 of the sum of the flavs in the meshing elements, reckemed at the 1ire of
meghing. The allowance will vary with the height of the tooth, ;

- %he werst problem, which up vntil now hag been practically ungolved, ig the .
daradility of the shaver. The advertising data put out by American firme on ihe life

of shavers up to 25,000 gears are confirmed by neither American nor Soviet experiencs. .. ‘

Astually, shaver life-on a medium module, nedium carbon stoel gear is rarél; ag
muoch as 6,000-8,000 gears.

e variation in acoustic qualities and the profils coutact of tho shaved gears,
as well sz the machined muface, must be cameidared criteris of gear-shaver wear wvhen
pairs of fivst-olass precisicn gears wre deing tested oo calibratiom inatrments (not
more than 0.8 miarons). '

Yor criteris of bluntnees in neonﬁ-ciau proecisicn gears 1t 1o necessary to take

the dotarioration of the rectificution, i.0., the chawgs ir mropertles 1ndicated
whes verifying on en apparatus with metal-to-metal contact. p .
Viaidle wear of the shaver usually does not coms out in the profils, whils for
firat-oliss. geara, detericration im not ever visible in the gecametric synmotry. Tho
following tadle ohovs the msan statistical data for the life of saavsrs for gesrs of

secd pitoh dimensiona, worked cut in soufoumity with sgtablisted critsris for dull-

ing (1n number of perts dhaved):

.. Class Carbon Stesl Alloyed Steel Cast Trom
Firet - 2,000 1,000 A 500
Beotnd . 3,000 1,500 - (oo

¥ith the aim ¢ increusing “he dwsbility of shavers snd the comsequont profite-
Dility of shaving, the following is recommonded:

Strvsrs should de made with 125-, not 50-millineter apertures in the forn of a
ohawer ring. At the time of forging the shaver ring ahould be well rolled without
inovessing the hoat; this increases the durability of the ghaver by 20 or 25 percent.
The 1ife of shavers witk detachable teoth of the Gorkiy futomsbile Plant type, or
shavers having built-up bladee io also above the neual.
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To prevent the chaver fr&WMIﬂe monent of reversal of atroke, it

is nevessary to use » pavl with a gradual feed. In addition to ratismal distributlon
of shaving zllovance along the height of this gear, another factor in the life of &
shaver ia the wmifarm dietridution of loed of shaving along the wkole Jength of the
ghaver tooth.  Thié is scoanplished by the so-cilled diaguual shaviig wethod. & asw -
maching with en auxiliary drive moross the ehaver at an engle to its axie has recently
been produced {photograph aveilsble in CIA as Photo Accession No 500k). According to
publighed date this method increases tho 1ife of the shaver and raises the productivity
of the process by mesns of a planing gotion on the ahoulder of the shaever, which also
inproves the preclsion of the tooth eligment. .

N _ The quality and purity of cutting flulds alsc play en importsnt role in incressing
s aligver 1life. .
The life of shavers shovn in the ebove table could de doubled with the adoption

of atriot allowence maintsnance, high-slloy Zfast-cutting stesla for shavers, snd the
use of fine-grain stes) (MoQuaid rating & to 6) far gesrs. i

Gear-Iapping Opoz‘af.ims

Gosrs acquire steble and unatedlo deformatione in heat treatment. The influence
of the firgt, as tho name indlcates, nmust be coupensated by profile correction of the
fear. .

The unstable defcrmations of gears in thy process of heat ireatmsut cas be counter-
actel ty: {1) uaing gteels not giving a noticeable volume of modification upder heat -
{Type 948 L4Gh0, eto.) snd fins-graln wteel (Moquaid 4 to A) vith variante of cardon up .
_ to 0,05 parosnt; (2} establishing apecial control over wnifarnity of micromtzusture; IR
‘ {3) usinrg speoinl metheds of heat Wrsatmsnt {lov-temperatare trestmsnt, oto.); () nigh~ ot
» R fregquency mmwmmmmmm;m(s) by making more yruoise ex-
perimantel datohes for each uew ssries ¢f goars from the metal of one melt. T

Tnatable deformations after heat treatment are eliminated by lapping amé working-
in geers. But if the above-enwmerated measures ao adopied, the ungtable deformation
will bo reduced to the minimum, and the lapping and working-in operatioms can be con-
osntrated on improving the quality of the surface.

The widespread notion that lapping and working-in are nct effcstive and are
dcmeging to the goowetrical purameter hse cmuced misuse of these opcrations.

In the automobile industzy lapping of geara is dons on the "Komeomolets™ Plant
Model 573 lapper (photograph available in CIA as Photo Acvession No 3003) with a dual-
parpose cast iron lap: drag (wni-profilic lapping) and thrust (bi-profilic lapping).
The work regimen with the machines should de eo arranged that there is a constant
paxirems elip speed on & lap of epecific otroes for all heights of profile. :

Worktiag-in e peir of precicion gesrs requires the use of axial and radial move-

. pent Sn additimn o rotary movement., Wwking-in 1oec ot Ixprove the mecision of
: o ‘ S gears with respect to gecmetrical form, but can out down the noise of a pair as much
- o as 10 decibals and make them lees susceptilLle to sseeabdly errors in the crankcase.

The effectiveress of lapping operations can de improved by using better chemical

g S : sbrasives, otabilizing flywheels, and more rigid mechinsc. Experimsnts should de L
: . emdnofo)d o Intxnal-tooth lappars (phstogrsph svailuble 1u CIZ ue Photo Acoession

Mlling or Machining Gears on Slotting Machineat

- > Camperison ~f amifinished gear miiling and gear shaping permitc us to mako the
following deducticns: ‘

At preseot the productivity of tho two are sbout equal, although the introdustion
. :
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of sectiommal hobbing cutters, mﬁmmmmmm, ond tangential feod mekes

the miliiig of gears prospectively twice as productive an gear shaping.

i ... ... Secticoal hobbing cutters end tengentlal feed regulto in a 25 to 30 percent re-
. ' dnotion . »tooi'cwtl"qy.’ : o : S e e o
Hobbing outters with triungulsr wrofilos ere mich aimpler t/o menufacturs than

goar-shoper eutters of ths jems profile for gears with obligue teeth.

Tooth-mu'f:;\u quality achieved when slotting gesrs with uni-passags pawls and
mediws foed is nbout the same as that achieved in milling (1 to 1.25 micrena), but
to corvect £laws by chaving ia siupler after milling than after slotting.

Geer-slotting mechines are mure sensitive to loas of precision than gear-milling
mchimaandmdmafreqmtchackinganﬂatomfarrepalrl. RN

Fer ali s tustions whers the job permits milling, this process must be preferre
to slotting boll in semifinighed snd rough operations. .

lwevu.:, for rough operaticns o geara of both second end third pitch dimensions,
slotting conld, with further improvement, become profitedle in the full techmologicel
prooesd. ;

Complete axr Ehortensd Frocess?

oo mugt not confuse the chiolos of milling ar slotting with operation by the full
{1nslniing Pough cutting) o shortensd (uni-passsge) oycls of machining gears.

The lack of an adjusting device assuring ecovrate aligmens with the thresd in . : g
two-wey milling often dictates the selection of the shortened grocess. Macliine~too! X ) ",
manufasturers and automobile plante should modernize gear-cutting machines to use

4vwo-way milliag. ) e ,

_ From the point of view of eoconomy the ghort process ig entirely suitsdle for first-
pitch gears, but entirely improps for gears of the third-pitch dimonsims. The short-
oned process is mare economical than the full cn gecond-pitch geere, but its effactive-

) According %o published data, the full process ~Jed on 28-tooth gears of module
\ e 6 is 25 peroent more jroiuctive than the shortaned jxocoss. The number of machines
- W  reguired vas almost halved and expenditure of tools substantislly lowared.

Acsording to data of ths Automodbile Plant imeul Stulin, the machine time for
rough milling end semifinished milling 3s 9.8 minutes, and the unit time on kk.tcot: A -
s S s machined by the full process 14.H minrtes. The mhortened prooess ey
- \ R mschine time 1s 8 minutes and the wnit time 10 minutos. '

o) . R The outlsy for tools ie “he full aul ularicoed cyoiws for gears of seccad-pitoh
SRL J aixsneions is about, the sess. The oost of eauiyeant and other overhesd in the case

: F . redaoed. Poxr gears of the first-pitch dimensicas
100 perocent, ¥hile the coat for equipment and toole is

. o e expediency of u~ing tho chort cycle in automobile plants is cléar. But
S : ' e russess Sepends on the Maiutenance of ¥igid toleransus in the manufasture of hobding
: ' cutters, preveatative lnspection and repair, sad vepair of hobber dividing heads on
' goar-milling mechines. :

‘ o A+ previocusly mentional, semifirished milling has littls influence oo the mre-
2 B ciniwuf.witthommismsoodordor,buteharplqouudmtbpooﬂin
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i the mechine has backlesh in it. Therefore, 1t is recommended that im the nesr fu-
ture the Tull technological process be adopted for (1) gears of 1B teoth ar lesa, of
Pivat-oless precision and second-piteh dimenslona snd (2) for gears of third-piich di-
menziong. The shortensd cycls 1o recommsnded f£2r (1) gosrs of first-pltch dimeneions
and (2} goars of secomd-claws precisiom end second-pitch dimensions.

© . 2. Brigade 2IS-XNIN3, Ins o zubodovodochnikh opsrately (Besesych on Gear-
Tepping Operntions), Vol I-IX;

3, Xornilov, XK. A., Prolzvodstvo zubchatikh koles (Productica of Gears), 1947

4. Genkin, N. D., "Research in ths Procoss of Working-in Cylindrical Gears®
ra M___;_i_éggﬂi (Machinss snc Tools), No 2, 7, 8, aud 10, 1947

5. Leshoharev, “Hew Gear-Shaping Mmhino,,‘g Stanko stroyeniye za granitsey
{Foveign Yachine Constructiocn), 24 Bditien, 19 -

6. Machines far Diegousl Shaving, Machinery, No 5, 1947, Hew Yark

: 7.  Park, "Iudustrial Gesr Mi)ling," Comailan Maohinery snd Mepufeocturing Newe,
Bo 7, 1943 : .

8. mmwmn&am,".ggw, no 27, 19uk

S 9. ‘“Broaching Maschine of the American Broash Type," The Machinist, lo 39,
' 1940 =
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